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(m Titles m - ' DS COMA SYSTEMS AND METHODS 

<S?> A&stHWt 

Introduce- of dis s , >n its CDMA cofi^unsoations techniques is achieve by setecesveiv using id - , 

codes for jading a frame of 4aia. By dividing a ftame into two or mote portions and spreading each portion wish a <iifferem spreading 
code, Rie frame can bo treasrasrwd in a eor»press.«i matte -Sse ; isiofmsiiosi is iraj;;;rrdt-rf during s twrtitsR of ths fras* aottorf. 

icavsng an idle pars of the tratne tn which to perform otfaer factions, soch as svaiaattosi of amr frequencies for in bswSover between 
fpeqisssrscies. 
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MULTtCODE COMPRESSED MODE SDS-CBMA SYSTEMS 
AMOMEIHODS 




5 in cellular systems is a 
Divisioa Multiple Access (FDMA) and Time Division Multiple Access (TDMA) 
methods. In FDMA, a commumcato channel is a si 
which a signal's transmission power is c 
sisii 




yis limits by the number of available 

frequency bands as well as by 1 

In TDMA systems which do not e 
of a time slot in a periodic train of tu 

Each period of time slots is called a fame. A given signal's energy is c 
one of these time slots. Adjacent dsannel infejfemnee is limited by the use of a time 

s signal enetgy received at the proper 
nal strength levels 
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With FDMA or TDM A systems (or hybrid FDMA/TDMA systems), one goal 
is to insure that two potentially interfering signals do not occupy the same frequency 
band at the same time, la contrast, Code Division Multiple Access (CDMA) is an 

n to allow signals to c 




CDMA c 

systems are projected to be h 
of the properties of wideband CDMA systems, such as h 



In a CDMA s 



20 



data stream to be transmitted (i.e., a 
1 encoding etc.) is impressed upon a mi 
data stream known as a signature sequence. Typically, the s" 
(commonly referred to as •chips") are binary or quatero 
which is generated at a rate which is commonly referred to as the B chlp rate". One 

appears random, but can be replicated by an authorized receiver. The symbol stream 
and the signature sequence stream are combined by multiplying the two streams 
together, assuming the binary values of the two streams are represented by +1 or 4. 
This combination of the signature sequence stream with the symbol stream is called 



The ratio h 



A plurality of spread signals modulat 
by quadrature phase shift keying |QFSK), and are jointly received as a c 
25 signal at a receiver, Each of the spread signals overlaps ail of the other spread 

s well as noise-related signals, in both frequency md time. If the receiver is 
S, then the composite signal is correlated with one of the unique codes, and 
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systems, me 6 ^hicaS ceil s 
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micro cell base stations can be placed at a lamp post level $ 

3 the increased traffic lev^ ifi congested areas. Bach micro cell might cover 
I blocks ©f a tfmetor a tone!, for instance while a macro cell might cover a 3~ 
§ Km t&dms. Even an CDMA systems, the different types of cells (macro and micro) 
as to increase the capacity of the overall 




e mobile station can aid in the determination of the best handover 

This process, typically referred to as mobile assisted handover (MAHO), 
don periodically (or on demand) making measurements on each 




In feet, CDMA r 
in both uplink and downlink 
b TDMA, tee are no idle time slots available to switch to other 
eamer frequencies, which creates a problem when considering how to determine 
whether handover to a given base station on a given frequency is appropriate at a 
particular instant. Since the mobile station cannot provide any inter-frequency 
measurements to a handover evaluation algorithm: operating either in the network or 
the mobile station, fee handover decision will be made without full knowledge of the 
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for OS-CDMA systems « 
In s 

s of length 128 chips) is chossea so that ail codes are orthogonal to each other 
one symbol interval, i.e., over the length of the code. If the spreading factor is 
for a transmissions in the downlink to a user in this type of system, that user's 
would no longer be ortfcogosi&f to the other users over a symbol interval. This, 
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Accordingly, it would be desirable to provide a DS-CDMA system in which 
i reception was dlseonfinuoiss but which did not rely on a reduction in 
the spreading ratio to provide idle time for the receiver to measure on different 



traduction of dis 



sed transmission mode. By using two or more codes to spread the 
data stream associated with a frame, the coded information only fills m Information 
part of a frame in a compressed mode, leaving an idle part of the frame in which to 



of ti 

mode transmission can be accomplished by dividing a frame's worth of data into two 
or mote portion. Each portion can then be. sent to a different short code modulator, 

Alternatively, She provision of n 



§ to a normal mode of ti 



d fame output is divided into two or more portion Each portion is 
a different code. By using one or more additional codes for a frame of 
e it takes to transmit that frame is reduced, leaving an idle period daring 
ion can tune to one or more different frequencies to 



rofa 



jM^ PESClUffnOM OF THE BEAWMSS 
The foregoing, m$ other, features, objects and advantages of the present 




compressed mode transmission, respectively, during four frames; and 

FIG. 4 is a block diagram of as alternate einbodlffieai of the short-code 




h As shown is FIG. i s a gebgrssphie region served by the system is subdivided into 
a number, n, of smaller regies of radio coverage known as cells 1 lOa-ft, each e«li 
having associated with it a respective radio base station Each radio base 

station 170a-n has associated with it a plurality of transmit and receive radio antennas 



WO §7/405% 



PCT/SE97/00645 



I30a-n. Note to the use of hexagonal -shaped cells 110a-* is employed as a 
graphically convenient way of illustrating areas of radio coverage associated with a 
particular base station ITfe-a. In actuality, cells 1 ife, may be im«ntady shaped, 
overlapping, and not necessarily contiguous. Each cell 3 lOa-n may be further 
5 subdivided into sectors according to known methods. Distributed within cells i Ife-n 
are a plurality, m t of mobile stations i20a-m. In practical systems the number, m, of 
auch ginter than the number, a, of cells. Base static 



{not shown) which provide two-way radio 



skilled in the ait and, therefore, is not 



mcaton with mobile stations 120a-m 

hing office (MTSO) 150 which provides |»w 
ed telephone network (PSTN) 160 and 
I80a-c. The cellular concept is known to those 



e stations are effected using direct sequence code division 
s (DS-CDMA). In the following, the term dowrflnk, or forward 
i to the radio transmission of information bearing signals from ba.se 




I capable of conveying a variable mix of low, 
, and high bit rate information signals with a low transmission delay. To 
it use of the radio spectrum, only that bandwidth which is needed for a 
This is know as "bandwidth on demand." 
Ace«tf^,fe describe a multi-rate, DS-CDMA 



FIG, 2 A illustrates a schematic block diagram of a downlink traffic 

jtion processor 200, Downlink traffic information processor 200 is part of Ihe 

A base station which is dimensioned 
Mfcr-K ^ simultaneous downlink eonnectos should to at least an 
■K of downlink traffic information processors 20 



10 by 



information source (not shown), is received 
220 in the form of a variable rate digital bhstream. The 

im, a video camera 180c, or any other suitable information source which is linked 
via PSTN 160 to MTSO 150, or to MTSO 150 directly, and henceforth coupled to 
base stations 170a~n according to known methods. 

The bitrate (i.e., number of kilobits per second (kbps)) of the variable rate 
by framing buffer 220 is dependent upon the type or amount of 
attorn 120a-m. The bitrate may be d 

by a 



i (Basic Bitrate) *N is fee « 



fesic Bitrate of 32 kbps and an 
25 information frame time interval of 10 ms, each Mormatiou frame comprises 320 bits. 
For bstrates higher than 32 kbps, more than one information frame per 10 ms time 
interval Is produced. Suppose, for example, that the bitrate is 128 kbps. Then, four 
information frames, each comprising 320 bits, are produced for each 10 ms time 
interval. In general, the number M of information frames is the same as the number 
30 k of multiples of the Basic Bitrate, 



WD 97/48S92." 



PCT/SE97/GQ64S 



R to FIG 2A, ea< fot ation frame is coupled to one of a 
plurality of so-called short-code modulators 2!Ga-M for subsequent processing. The 
number M of short-code mediators 21Qa~M is equal, to the number N of possible 
multiples of (he Basic Bitraie. According to the first, exemplary embodiment of the 
present invention, when die received information data nitrate is the Basic BUnae (e.g., 
32 kbps) only one information frame is produced for each }0ms time interval which is 

i is 

64 kbps) two 

eisc 

210a and the other information frame is coupled to short-code modulator 210b, 

r of 





Arranging the information data biMream into a sequence of information frames 
i the information data to be processed conveniently in short-code modulators 
2kfc-M. Referring now to Figure 2B, a schematic illustration of the short-code 
s 2I0a~M, is generally shows as 210, Prior to channel coding in 

r 230, the first overhead bits (X,) comprising, for example, a 
i of the cyclic redundancy check (CRC) bits are added to the information frame 
in time multiplexer 220. The frame comprising the information bits and the first 
overhead bits is coupled to evolutional encoder 230 and subjected to channel coding 

frame n subjected to block-wise bit h 
overhead bits X 2 are added to the encoded and i 

250; Downlink power control bits are so added to the encoded/intfi'.rl#av«d frame m 
time multiplexer 260, The downlink power control bits instruct the mobile station to 
increase or decrease its transmitted power level. After the insertion of fee power 

; phase shift keying (QPSK) modulator 
t modulations other than QPSK could 




270. 



-10- 



modulator 280 maps the input bits, or symbols, i 
the output of QPSR modulator is a t 
d by, for example, Cartesian «oordkates in the t 
itput of the QFSK modulator is p 



+ jQ- 




o Figure I, each radio base, station V 
10 downlink signal to enable mobile terminals 120a-m to separa 
m adjacent cells or adjacent sectors (i.e., inter-cell signals) f 
received in the cell where the mobile terminal is located. Fs 
s isnnffials in a particular cell, axe 
of multiple mobile stations I20a-m 

15 fi.e., Intra-ceSS 

in 



S M {reaI) to each parallel CDMA channel. 

Gold codes wife a length of one symbol interval For example, with a 120 kbp total 
bit rate (60 kbps on each quadrature branch) and a chip rate of 7.68 Heps, the code. 
25 length is 128 chips, Orthogonal Gold codes are ordinary Gold codes of length 2*- 1 , 
where a zero (or one) is added to the end of all code words producing 2- orthogonal 
code words, each of length 2», Gold codes are known to those of skilled in the art. 
Referring again to Figure 2A, the Gold codes are provided by short-code generator 
20? to each of the short-code modulators 2VML. Althengh only one signal line is 
ierator 207 and each slsort-code modulator 210, 
ents of the present invention, plural sets of short 



30 



codes can be supplied to each modulator 210 te create discontinuous transmission 5 
I below. The output of each short-code modulator 21<te-M is coupled to 



now to Figure 2C, the composite signals from each downlink traffic 
to bue station banwiiiier ISO. The 
wessor are added in block 290. In 



station I70a-n is assigned a unique long code, to one e 
amadou the long code may be eomplex-v&lued: for example, an ordinary Gold code 
of length 2"-I chips. Alter scrambling (at Mocks 300 and 302) the composite signal 
with the long-codes, the signal is generated fey long code generator : 28S filtered 
15 converted (blocks 308, 310), summed (block 312), amplified and transmitted 




According to exemplary embodiments of fee present invention, this is achieved by 
osiag additional spreading codes to transmit a frame of data. This results la coded 
infoTOalias which is compressed into a portion of a frame, leaving a residual, idle 
30 iatervai in which m power is transmitted, as shewn in WIG. 3B. This is referred to 
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how idle intervals cm be created ace«rdi0g to fee present invention, 
?ne exemplary embodiment of the present invention, additional 
codes can be used to transmit a frame of data by ming more to one short- 
odolator 210 to transmit each frame of data. For example, with reference to 

portions each of which are delivered to a differs short-code modulator 210. 
e the data is divided into two porta, it will occupy only one half of the toe 
6m when it is emitted as the atrip* s(t) in Figure 2C Those skilled in the 



se or more short code modulators. 

Another way in which additional codes can be nsed to create a compressed 
nisston mode is by modifying the short-code modulators 210 to selectively m 



primary code set M (for normal mode) or both fee primary code set M and a 
ry code set N (for compressed mode) to spread a modulated frame of data, as 
in Figure 4. Therein, the output of QPSK modulator 270 is input to mod© 



r 270 or wi 



s are required to n 



Tills 



If mode control device 400 c 



s is to be 



to block 280 where they are spread with one or more short codes supplied from 
rator 207 from a primary set U of short codes. The spread 
vmcm is then directed to adder 2iS where it is added with similar 
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tode control device 400 determines that the frame is to 
iode, then the < sor*ton& A 

c 280 wherein it is spread with one or mom short codes 
second portion is directed to block 402 wherein it is 
fe generator 20? that is 





, pilot channel signal strength or bit error rate) on other eerier frequencies 
during the idle part of the. compressed owtie frame since during this time it is not 
I to listen to the base station- to which it is currently linked. After 
, the evaluation of that fkqueacy can be carried out in 8 , 
30 fashion, e.g., such as disclosed m U.S. Patent No, 5,175,867 to Wejke et a!. The 



WOS7/40SK 



The 



44- 

relayed to the network (tough the currently linked base station or 
teato used for mobile assisted handover (MAHO). 

salary embodiment, however, it may be preferably far 
ned mode tzmsmim 



5 Ihe network to control the «sage of compress 

The mobile station or network obi determine the ftepmcy of use of fee 
mode based on a variety of factor, such as tb 
mobile station's speed and other interfering factors, the relative call density, a 
proximity to ceil hoarders where handover k more likely to be needed. This 
10 information, in conjunction with the details of the measurement and handover 
« system, can be used by mode control device 400 to dete 
emission mode or compressed transmission mode.ts to be 



x of a caH handover can also he bandied in Ihe compress 
f the present invention. Two different hand 
3 using the idle lime provided by the compressed mode, s 
ndover and soft handover. For the purposes of seamless handover, the 





conization techniques to synch to the new base $ 
thereby speeding up the handover process by etf 



For soft handover, after deciding on handover to a new base station (or base 

Communication with the old base stations) is maintained while establishing a new 
link during the idle pan of the frame. By maintaining the old iink(s) after the new 
to all bi 



This scheme for soft snter-ftoquency 
handover can be used for both up- and downlinks. The handover is completed by 
dropping the old lmk{s} and returning to normal mode transmission. 
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The duty cycle of the . infonoatksi part of a frame to the frame duration Is 

b] frame basis. For execution of macro diversity between two 
i information is sent on both. Therefore, the duty cycle should 
sly 0.5, The compressed mode is used only intermittently and the 
; (doty cycle - l> is used the remainder of the time. 
To control the transmission quality, the transmission power used during the 
n part of the fame is a function of the duty cycle, in an exemplary 
t of the present invention. For example, the Emission power P cm be 



Duty Cycle 



IP, - I 



quality in the detector if the duty cycle is reduc 
of the frame, i.e., the idle part, the power is tamed off. 

y» the base station of Figure 2C could be implemented such t 
Traffic Information Processor 200A-200K has its own s 
outputs of which axe summed together. In such 



by* 

of u 



In time) the c 



inac 
is li 



* of a frame, the duty cycle can be made 



25 by high, t 




icon's use of 

ag BS-CBMA feat without reducing the spreading ratio. ' 
ssure other carrier frequencies, thereby providing reliable 
decisions, Further, handover execution between earner frequeaefcs can 
rrdess by establishing a new link before releasing the old one. Tins can 



Ms are provided to eaa 




5 and spirit of the 



but is to be accorded the widest scope consistent wife the 
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2, farther comprising the mp of 
by spreading in time, use of 
of users in a determined time span. 
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6, A 
compressed mode is 
factors: mobile static 



yofuse of said 
eof thef 



g. A f 
SO inboftadown-linkanda 

9. At 
man up-link, 



15 10, A 

performing meas 
second part of a 

IL A 
20 performing meas 
second part of a 

12, A 

25 establishing »e 



gto claim M 



to claim I, 




according to claim 8, comprising the 
s, in a mobile state, of carrier 



tocMsBS. k &e further step of 
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